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The southern Black Warrior Basin has been the site of limited drilling operations, but a 
critical need existed for a greater understanding of the regional stratigraphy.   The 
objectives of this study were to define a sequence stratigraphic framework for the 
southernmost Black Warrior Basin, to identify chronostratigraphic timelines within 
depositional environments, identify regional transgressive and regressive cycles.  This 
information was used to identify three target reservoirs, characterize petrophysical 
properties, and confirm integrity of reservoir and seal formations for geologic 
storage.  Methods included correlation of petrophysical well logs in the study area, 
petrographic well log analysis, and core analyses.  Five cycles were identified in well log 
cross sections.  Sequence boundaries were identified in cross sections and tied to seismic 
data.  Cretaceous sediments deposited above a Paleozoic sequence boundary that may 
represent ~141 ma of erosion or non-deposition. These results contributed to 
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The Black Warrior Basin (BWB) is a roughly triangular Paleozoic foreland basin 
covering northeast Mississippi and northwest Alabama, with the southernmost end of the 
basin near Kemper County, Mississippi (Figure 1.1).  This oil and gas producing basin is 
also home to the Kemper County Coal Gasification Plant, hereafter known as the Kemper 
Project. As part of this multibillion-dollar project, this facility provides an outstanding 
opportunity to model a regional geologic storage reservoir for carbon dioxide (CO2) in its 
supercritical state in the Cretaceous strata below the facility. Challenges surrounding this 
regional storage project include the identification of reservoir and seal formations and 
structures, the lateral continuity and areal extent of reservoirs and seals, and the 
geochemistry and lithology and of the saline reservoir formations.  
1.2 Objective 
The objective of this thesis project is to develop a sequence stratigraphic 
framework that can be used to identify and quantitatively describe the reservoir 
formations for Carbon Capture and Storage (CCS) within the study area surrounding the 
Kemper Project. Isopach maps will provide insight on the geometry of the Cretaceous 
subsurface units and will help identify the potential reservoir formations for on-site 
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injection. This study will implement well logs, core, cuttings, and seismic lines. Results 
should include a sequence stratigraphic reconstruction of the depositional history of the 
Cretaceous sequences and parasequences for the study of potential reservoir formations. 
1.2.1 Research Questions 
1. Can sequence boundaries, transgressive, and regressive surfaces be identified in 
Cretaceous strata? 
2. If so, can the depositional history be further divided into parasequences? 
3. What are the principal parasequence sets, and can they be correlated using 
wireline log responses? 
4. Can structures and faulting be identified, and timing/duration estimated using 
high-resolution well logs to correlate across the study area? 
5. What are the principal parasequence sets, and can they be correlated using 
wireline log responses? 
1.3 Geologic Carbon Sequestration 
Carbon Capture and Sequestration (CCS) technology aims to inject CO2 from the 
local coal gasification power plant into geologic formations in the subsurface (Figure 
1.2).  Commercial-scale application of CCS requires reservoir formations with high 
volume, porosity for efficient CO2 injection, and stability to maintain safe capture of CO2 
for millions of years. Common reservoirs include sandstones and carbonate formations 
containing oil, gas, or brine. Conventional reservoirs in Mississippi and Alabama have 
previously been suggested as having the potential for regional store in sandstones and 
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coalbed formations. Carbon dioxide has been used for enhanced oil recovery in 
Mississippi and Alabama (Lu et al., 2012; Koperna et al., 2014) and a relatively small 
volume of captured carbon dioxide could potentially be commercially sold for enhanced 
oil recovery. 
Regional conventional sandstone reservoirs have been used for CCS including the 
Late Cretaceous Paluxy Formation at Citronelle dome, near the Barry coal fired power 
plant in Alabama. CO2 has been injected at 9,500 feet in the south end of the Citronelle 
dome, an area showing 4-way closure structural seal capacity beneath multiple 
stratigraphic seal layers for extra confinement assurance. The Citronelle project was 
undertaken by Denbury and Alabama Power Company (a subsidiary of Southern 
Company).  Injection operations began in 2011 and have since become regarded as the 
most successful site of anthropogenic geologic carbon sequestration in the United States 
(Koperna et al., 2014).  
A second GCS project undertaken by Denbury, the Cranfield Project, was a 
successful operation in southwest Mississippi. The Lower Tuscaloosa sandstone 
formation was targeted for injection with CO2 supplied from the Jackson Dome in 
Mississippi for EOR. Fluvial sandstones uplifted in a domal structure via vertical  salt 
migration supplied the necessary 4-way closure while the Eutaw shales, Selma Chalk, 
and Vicksburg group provided multiple stratigraphic seals above the injection site (Lu et 
al., 2012). Reservoir characteristics from the Tuscaloosa marine sand and conglomerate 
layers will be studied for analogous reservoirs in the Kemper County vicinity of the 
Black Warrior Basin. These successful projects show the potential for a regional GCS site 
near the Kemper study area. 
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1.4 Geologic Overview 
The Black Warrior basin is a Late Paleozoic foreland basin bounded by the 
Ouachita thrust belt to the southwest and the Appalachian thrust belt to the southeast 
(Thomas, 1988) (Figure 1.1). Paleozoic to Cenozoic deposits are present overlying a 
granitic basement, including several total petroleum systems. Clastic detritus infilling the 
Black Warrior Basin originated from the Ouachita thrust belt and the Nashville dome to 
the left (Whiting and Thomas, 1994).  The basin generally has a deepening dip to the 
southwest and distal from the source material. Cretaceous sediments are indicative of 
shallow marine and fluvial systems. The focus of this paper will be the Cretaceous clastic 
deposits sitting unconformably on top of Pennsylvanian units (Groshong et al., 2010). 
The Black Warrior Basin has a maximum north-south distance of roughly 190 miles, and 
east-west maximum of roughly 220 miles. The total area is roughly 23,000 sq. miles 
(Ryder, 2002). 
1.5 Basin Tectonics 
Foreland basins form adjacent to up thrusted mountain belts as flexural response 
to tectonic load displacement. The late Paleozoic Black Warrior Basin is a craton-facing 
foreland basin that forms a roughly triangular shape between the northwest-striking 
Appalachian thrust belt to the east and the Ouachita thrust belt to the west (Figure 1.3). 
The Alabama recess in which the Black Warrior basin formed is the resulting site for 
clastic detritus eroded from the Ouachita thrust belt and prior mountain building.  
The Black Warrior Basin originated in the site of a Pre-Cambrian or Early 
Cambrian rifted margin 575 Mya, which evolved into the Late Cambrian passive margin 
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which existed for 200 Mya before the up thrusting Ouchita belt began loading the 
developing Alabama Recess to the northeast (Whiting and Thomas, 1994). 
Subsequent displacement by Appalachian thrust faults resulted in folding and 
truncation of the basin.  Cut sharply by an unconformable erosional surface, Mesozoic 
strata of the Gulf Coastal plain overly the Pennsylvanian classic wedge deposits and 
leave a gap in the record and make it difficult to determine just how long sediments were 
deposited and just how much sediment was eroded  over 300 Mya (Whiting and Thomas, 
1994). 
1.5.1 Black Warrior Basin (Cambrian-Pennsylvanian) Stratigraphy 
The Black Warrior Basin stratigraphy ranges in depth from 31,000 feet in the 
Central Mississippi depocenter to as little as 7,000 feet towards the Appalachian thrust 
truncating the basin to the east (Ryder, 2002). The age range of the strata in the basin 
extends from Middle Cambrian to Pennsylvanian (Figure 1.4).   
From oldest to youngest, the Lower Cambrian Group includes the Rome and the 
Middle Cambrian Conasauga limestone. The Rome Group was named after its discovered 
exposure in Rome, Georgia, by E.A Smith in 1890. It includes shales, siltstones, 
limestones and dolomites and is contiguous across all wells deep enough in the Black 
Warrior Basin. Like the Rome Group, the Conasauga Group also outcrops in Georgia and 
includes micritic to finely crystalline limestones, dolomites, and interbeds of calcareous 
shale.  
Cambrian-Ordovician boundary is marked by the Knox Group underlying the 
Middle Ordovician Stones River Group and undifferentiated rocks. The Knox Group 
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includes both dolomite and limestone carbonates. The Knox Dolomite is a common 
boundary marked on historical well logs for its significant resistivity drop off and its 
continuity across the basin as a distinct facies change. The Middle Ordovician Stones 
River Group is composed of limestones, dolomites, shales, sandstones, and some 
conglomeritic facies with igneous pebbles being found in several cores. 
Silurian strata include the undifferentiated rocks of the Wayne Group. The Wayne 
Group consists of five members well exposed in Tennessee, but harder to define in the 
southern Black Warrior Basin. Thin members of alternating limestones and shales are 
included, not all of which are found across the basin uniformly. 
Devonian strata include unnamed cherty limestone and the Chattanooga Shale 
Group. The Chattanooga Shale includes both shales and limestones and is one of the few 
Paleozoic rocks outcropping in Mississippi in Tishomingo County in the north east corner 
of the state.  It is a producing shale in the Alabama side of the basin. 
The Carboniferous deposits of the Black Warrior Basin stratigraphic column are 
the most well studied due to the petroleum systems found within these groups. The 
Mississippian units include the Fort Payne Chert, Tuscumbia Limestone, Floyd Shale, 
Bangor Limestone, and Parkwood Formation. The Pennsylvanian units include the 
Pottsville Group which is a massive group exceeding 5000-10000 feet thickness in 
Mississippi, comprised of shales, sandstones, coal beds, and conglomerates. With 
sediment influx from both the Appalachian and Ouachita thrust belts the alternating 
clastic and carbonate facies are indicative of fluvial deltaic nearshore marine 
environments (Dockery, 2016). 
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1.5.2 Mesozoic Stratigraphy 
The stratigraphy of the Mesozoic deposits in our study will follow the 
nomenclature laid out by Pashin and Dockery (Figure 1.5). Cretaceous deposits include 
the Tuscaloosa, Eutaw, and Selma Group. Paleocene deposits include the Midway and 
Wilcox Groups. Eocene deposits include the Claiborne Group.  
1.6 Significance of Project 
Significance of this project includes the creation of a quantifiable sequence 
stratigraphic dataset for the identification of key units along with their extent and 
thicknesses. An understanding of the depositional environment and their correlation to 
global eustatic sea level could provide an analog for future CCS exploration and 
injection. This research could hypothetically directly assist in the development of a 
regional CCS site near a producing power plant. Secondary benefits include the 
ownership of the dataset by Mississippi State University for continued research by 
graduate students and faculty in the subsurface geology of the region. Continued research 
may include the laboratory analysis of hand samples and core obtained from the drilling 





Figure 1.1 Paleogeographic Blakey Map and current Basin County Map 
A) Paleotectonic regional map of study area in Middle Pennsylvanian, and B) Basin map 






Figure 1.2 Geologic Carbon Storage Cartoon  
Generic geologic carbon sequestration cross section displaying injection well, exploration 
well, production well, and water well with faults, seals, and reservoir formations. 




Figure 1.3 Structural Map of Black Warrior Basin 
Structural map of Black Warrior Basin and surrounding basins, domes, faulting, and 






Figure 1.4 Mesozoic Stratigraphic Units in Mississippi 






Figure 1.5 Cretaceous Stratigraphic Column for Black Warrior Basin 
Cretaceous stratigraphic column showing age, systems, global series/stage name, and 








2.1 Introduction to Methodologies Used 
The purpose of this thesis is to use high-resolution stratigraphic well-logs to map 
chronostratigraphic timelines across facies changes to create a sequence stratigraphic 
depositional history of the Kemper County Energy Project study area.  The hypothesis 
was that the deposition of reservoir formations and seals could be located and mapped by 
tracking the sedimentary result of transgressive and regressive events. Drilling test wells 
to obtain high-resolution well logs as well as digitizing archived well logs from the 
Mississippi Oil and Gas Board to create cross sections of all Cretaceous age deposits 
above the Pennsylvanian unconformity allowed the reconstruction of the depositional 
history of a Cretaceous shallow marine environment to test said hypothesis against 
traditional lithostratigraphy. 
Identification of flooding surfaces correlating coincident transgressive events 
across 23 wells in Kemper County created the basic framework from which finer 
parasequences and parasequences sets were established. This three-fold stratigraphic 
hierarchy was used to create subsurface stratigraphic and structural cross sections and 
isopach maps. Distinct well log signatures document the depositional environment 
evolution of the regional reservoir sandstones and seal mudstones and shales. Correlation 
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was calibrated to mudlogs and core descriptions as well as 186 total feet of core obtained 
from the three test wells to ensure confidence in the cross sections and maps created.  
2.2 Dataset and Study Area 
2.2.1 Regional Dataset 
Including surrounding counties, the total dataset covered 2694 square miles of 
Mississippi in Kemper, Noxubee, Neshoba, and Winston Counties.  A total of 62 wells 
were recorded within the study area, with a limited number of 45 containing associated 
well logs. Typically, spontaneous potential and resistivity curves were found; however, 
some curves contained gamma ray instead of spontaneous potential. For that reason, 
spontaneous potential and resistivity were chosen for correlation as they made up the 
most complete data set. Conventional core and mud log cuttings were obtained from the 
three test wells drilled nearest to the study area. Antique seismic was viewed, but was 
propriety and will not be included in this study. Lithological and grain size descriptions at 
1-foot intervals were used from core, while cuttings were analyzed using optical 
microscopes for lithology, grain size, and sorting. 
2.2.2 Focus Area: Kemper County 
The main study area directly surrounding the Kemper County Project site contains 
a subset of 23 wells with high-quality well logs comprised mainly of SP and RES (Figure 
2.1). Many of the logs date between the 1950’s and the early 2000’s, excluding the three 
recent test wells. This area was chosen as it includes the proposed injection site and the 
three test wells. The archived well logs were used with confidence, but with the 
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understanding that technology and time have improved drilling and logging methods. The 
three test wells were used as type logs, and correlation with confidence to the archived 
well logs.  Well logs were also correlated to conventional core and cuttings. Cross 
sections and structural maps were used to assess dip and attempt to identify any 
subsurface structures. 
2.3 Published Focus Area Literature 
2.3.1 Pennsylvanian Unconformity 
Lower Cretaceous strata unconformably rest above the Pennsylvanian Pottsville 
Formation sandstones, shales, and coals in the eastern Black Warrior Basin. The 
Paleozoic unconformity is the remnant of the Appalachian thrust belt. The surface dips 
upward gradually to the east and shows several structural relief features including almost 
all normal faults and graben systems in Lauderdale County ranging from 100 to 300 feet 
(Mellen, 1947). Since the Paleozoic, estimated sediment of up to 8000 feet has been 
eroded (Ryder, 2002). All block faults and thrust belt Paleozoic structures warp into the 
westward plunging Cretaceous Mississippi Embayment (Thomas and Thomas, 1991).  
2.3.2 Limited Seismic Data 
Proprietary seismic data was obtained by the Alabama Geological Survey. This 
data set included four seismic lines forming a roughly triangular enclosure of the Kemper 
Project site. Previously, these seismic lines were published in 1977 and extend to the 
Precambrian basement, showing the structures in the pre-Pennsylvanian Black Warrior 
Basin and the regional unconformity. Cretaceous sediments are visible, but not in any 
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useful detail, in the published paper; however, the proprietary files viewed by the 
Alabama team members showed conformable lateral continuity, multiple seals and 
reservoir, and showed no evidence of cross strata faulting (Figure 2.2) 
2.3.3 Stratigraphic Nomenclature Sources 
Stratigraphic nomenclature for the Cretaceous strata of the Black Warrior Basin 
was taken from Dockery (1996). Not all Cretaceous strata were present; however, all the 
associated beds identified from well logs were correlated to regional surfaces picked in 
well logs and mud logs. For further confidence, the three MPC wells drilled by Advanced 
Resources were used as type logs. See Figure 1.5 for a revised stratigraphic column for 
Cretaceous units in this area. 
2.3.4 Analogous Sequence Stratigraphic Boundaries  
Sequence boundaries are continuous subaerial surfaces or correlative conformities 
that extend between basins. For this research, the pre-picked sequence boundaries used 
by (Mancini and Markham Puckett, 2002; Mancini et al., 2008) were correlated to the 
Black Warrior Basin from the Mississippi Interior Salt Basin. These T-R cycles were 
correlated to well logs by matching formation tops to maximum flooding surfaces and 
defining maximum regressive surfaces and erosional surfaces as sequence stratigraphic 




2.4 Well Log Analysis and Correlation Methods 
2.4.1 Log Tracks and Shading Methods 
 The well logs associated with this project included spontaneous potential (SP) and 
Resistivity Induction Log (AF60). SP was placed in Track 1 and AF60 was placed in 
Track 2. Each track was color-coded and was applied a shading value to represent 
lithological changes. The SP log measures the difference in ohmic potential and is 
influenced by several parameters including resistivity, thickness, and lithology. It can be 
used to give an idea of permeability, porosity, and lithological changes. While the current 
is run through the bore tool the pathway forces itself through the medium and produces 
potential differences according to Ohm’s law during use. The current raises from baseline 
electromotive force (EMF) by responding to phenomena occurring between contacts of 
drilling mud and the bed mediums (Doll, 1948). 
Resistivity logs were also available in the data set and used to confidently pick 
tops and parasequences during well log analysis. The resistivity (AF60) logs measure the 
resistance to flow of electrical current through the subsurface material (Asquith, 1982). 
By using deep resistivity this ensured the formation reading was excluding the well 
casing and the near well invasion by the drilling fluids which may alter the results. The 
AF60 curve utilized a logarithmic scale ranging from 0.2 to 2000 ohm/m. The benefit of 
using AF60 is the separation of shale to sand to assist in cleaner picks. Shales will 
conduct the current better than sandstones when combined with the negative spike in SP 
correlation between shales and sandstones. In combination, SP and AF60 were used to 
confidently pick lithological changes (Figure 2.4). 
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Cretaceous strata of the Black Warrior Basin were correlated by matching 
lithological changes with signature peaks and flooding surfaces. First, identification of 
formations from literature and type logs were established in the study area. Working 
outward, formations were correlated across Kemper and surrounding counties. 
Formations were further divided into parasequences by matching transgressive and 
regressive events using flooding surfaces. The parasequences are divided into coarsening 
upward packages separated by regressive flooding event deposits. 
2.4.2 Core Analysis and Correlation 
From wells MPC34-1 and MPC 10-4 a total of 186 feet of core were obtained. 
Core was sent to Houston, Texas, for processing and viewing by Weatherford 
International. Core was described in one-foot intervals for lithology, grain size, 
sedimentary structures, and degree of sorting. Once completed, core photos were 
obtained and correlated to well log signatures. The calibration of wireline well log trends 
to core help to define what measurements were observed by the logging tools. What is 
normally considered shale in wireline response was shown to be equivalent to mudstone 
in the study area cores and allowed for a better petrographic characterization of the 
reservoir and seal formations in the study area wells. 
2.5 Structural Analysis 
2.5.1 Structure Maps and Cross Sections 
 Formation tops were contoured and used to produce isopach maps for total 
thickness and general trend information in the focus area. Subsurface contour depths 
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were taken directly from the formation tops picked from the well logs and applied to a 
plan view grid using IHS Petra software. No faulting or displacement was found in 
Cretaceous age deposits above the Pennsylvanian unconformity. Structural highs and 
lows were displayed using heat maps to indicate rise and fall in subsurface contours. 
Isopach maps were generated using IHS Petra and were calculated by dividing each 
formation into a zone of thickness and plotting the information on a plan view grid. Heat 






Figure 2.1 Study Area Map 






Figure 2.2 Vintage Kemper County Seismic Line 
Vintage Seismic showing Paleozoic deposits and structure, but limited Cretaceous detail. 




Figure 2.3 Sequence Stratigraphic Colum 
Sequence Stratigraphic column with Transgressive-Regressive (T_R) intervals added on 
right hand side. Modified from (Dockery III, 1996). 
 
 
Figure 2.4 Log Tracks, Scales, Cored Interval and Shading Values 







Two lithostratigraphic cross sections were created spanning the available data in 
Kemper County. Cross Section 1 (Figure 3.1) includes seven wells running west to east 
across the southern portion of Kemper County and crosses through the proposed injection 
site. Cross Section 1 displays the Cretaceous strata lying above the Pennsylvanian 
unconformity and capped by the Upper Tuscaloosa Formation. Total depth displayed is 
from 2,000 ft to 6,000 ft below the surface. SP logs are located in Track 1, and Resistivity 
logs in Track 2. Correlated formation tops were picked across the cross section and 
include nine laterally continuous Cretaceous formations. 
Cross Section 2 (figure 3.2) includes six wells from north to south and was drawn 
specifically to intersect cross section 1 (Figure 3.1) through the proposed injection site. 
Cross section 2 also displays the entire Cretaceous interval from the Pennsylvanian 
unconformity to the Upper Tuscaloosa Formation where data was available. Total Depth 
displayed is from 2000 ft to 6000 ft below the surface. SP logs are located in Track 1, and 
resistivity in Track 2. Correlated formation tops were picked across the cross section and 
include nine laterally continuous Cretaceous formations. 
Correlating the available data resulted in 9 formations being mapped for a total of 
10 surfaces, including the basal unconformity across 12 wells in Kemper County. Within 
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those formations, individual parasequences were correlated across the study area (figure 
3.3). Final cross sections included two high-resolution chronostratigraphic cross sections 
laterally across the study area with no faulting present. 
3.2 Subsurface Maps 
3.2.1 Contour Maps 
 Contour maps were produced using available well data in Petra to show the 
structures of the formation tops. A contour map was produced for each of the nine 
formations present in the Cretaceous strata and contoured in 100-foot intervals (Figures 
3.4-3.12). The boundaries of the contour maps were inhibited by the lack of data outside 
the study area or the limited depth of the surrounding well logs. Warmer colors indicated 
the higher relief depth to formation, while cooler colors represented deeper surface 
depths. In the individual contour maps basinward dipping was present with localized 
highs and lows. Individual contour map figures include figures 3.4 to 3.12.  
3.2.2 Isopach Maps 
 Isopach maps were produced using available well data in Petra to show thickness 
of each formation. An isopach map was produced for each of the nine formations present 
in the Cretaceous strata and contoured in 50-foot intervals (Figures 3.4-3.12). The 
boundaries of the contour maps were inhibited by the lack of data outside the study area 
or the limited depth of the surrounding well logs. Warmer colors indicated the higher 
relief depth to formation, while cooler colors represented deeper surface depths. For all 
beds, thickening occurred basinward consistently in every formation.  
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3.3 Sequence Stratigraphy 
3.3.1 Sequence Boundaries (3rd order cycles) 
 Utilizing well log data and previous literature on the Mississippi Interior Salt 
Basin, a total of four known sequence boundaries were documented above the 
Pennsylvanian unconformity beginning with the Paluxy Formation and continuing to the 
Upper Tuscaloosa Marine Shale (Mancini and Puckett, 2005). Each Transgressive – 
Regressive (T-R) sequence is interpreted as a complete cycle of base sea level rise and 
fall delineated by either a subaerial exposure surface or a correlative unconformity, or a 
maximum regressive surface. Each complete T-R cycle is a third-order process ranging 
on the scale of 1-10 Mya (Mitchum and Van Wagoner, 1991). The results of the well logs 
showed potential flooding surfaces used to correlate T-R sequences; however, using 
available core processed in conjunction with this research at Oklahoma State University a 
paleosol was documented resulting in a total of five sequences in this area.  The mapped 
sequences, shown below in Figure 3.13 illustrate maximum flooding surfaces (MFS) and 
maximum regressive surfaces (MRS) on the west-east cross section. 
3.3.2 Parasequences (5th order cycles) 
 Parasequences were identified within all eight formations. Stacked, coarsening 
upward alternating successions of sandstone and mudstone define transgressive-
regressive cycles bounded by the flooding surfaces. These genetically related cycles are 
divided into individual parasequences and grouped together to for parasequence cycles. 
These individual parasequences were used to build a history of basin infilling and 
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flooding cycles. Parasequences are base level changes in sea level recorded in the smaller 
5th order cycles ranging from 1-1000 years (Mitchum and Van Wagoner, 1991). For each 
lithostratigraphic unit parasequences were correlated and calibrated to lithofacies. A total 
of eight stratigraphic cross sections were created using the main wells in our study area to 
confidently pick parasequences, stacking patterns, and contiguous flooding surfaces. Not 
all parasequences were continuous, and truncation and onlap resulted in many being 
localized and noncorrelative, consistent with the determined depositional environment. 
See figure 3.14 for examples of parasequence correlation. 
3.4 Core Analysis 
 Core was obtained from two wells, MPC 34-1 and MPC 10-4, from both reservoir 
and seal formations. From well MPC 34-1 core was available from 4,850 to 4,863 feet 
within the Washita Fredericksburg Basal Shale and from 5,300 to 5,337 feet within the 
Paluxy Formation (Figure 3.14). From well MPC 10-4 seal formation core from the TMS 
Formation was available from 3,170 to 3,207 feet (Figure 3.15).  Core analysis allowed 
lithology identification and correlation to depositional environments and unique well log 
signatures, which were applied to log responses in un-cored wells within the study area 
dataset. The core aided in understanding facies changes in relation to sea level trends and 
allowed more confident identification of well log patterns tied to lithology and 
depositional environments. Core description tables are located in Appendix. 
 Cored section one from MPC 34-1 contained 13 feet of Washita-Fredricksburg 
Basal Shale and displayed both homogeneous coarse-grained quartz sand facies to fine 
silty mudstones and siltstones with laminated bedding. The Basal Shale core showed four 
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facies, ranging from medium to course grained quartz sands to very fine silty 
mud/siltstones with low porosity that resisted the invasive drilling fluid as observed in 
person. Some interbedding and crossbedding sandstone facies, and overall there were 
several very tight sealing lithofacies present. 
 The second section of the 34-1 well core comes from the Paluxy Formation 
covering the inverval from 5,300 to 5,337 feet. The Paluxy reservoir contains five distinct 
facies ranging from a medium to coarse grained quartz sand that was heavily invaded by 
the drilling fluid to very tight silty to very fine sands that acted as seals. There were 
several intermediate interfingered facies with medium porosity, and a large section of 
mottled and burrowed paleosol was evident. 
 Cored section one from MPC 10-4 contained 37 feet of the Tuscaloosa Marine 
Shale from 3,170 to 3,207 feet. The core included laminated shales with alternating grey 
and black sections, lenticular bedding and fossiliferous beds, with sedimentary structures 
including storm beds, burrowing, clasts, lenticular bedding, and mottling. Sediment was 
well consolidated and very fine grained. 
 The second section of the 10-4 well core comes from the Paluxy Formation 
containing 5,038 to 5,135 feet. The Paluxy reservoir core was much more homogeneous 
with medium to coarse grained quartz sand, some chert nodules present and clay clasts. 
Overall the high degree of drilling fluid invasion showed high porosity in the formation, 
with localized finer grained facies acting as localized seals or areas of lower porosity. 
Crossbedding is evident throughout nearly the entire cored section with graded bedding 






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Figure 3.14 Parasequence Correlation in Type Wells Paluxy Formation 
Paluxy Formation stratigraphic cross section displaying correlated parasequences with 
many truncating or onlapping in between wells. This is consistent with the interpreted 





Figure 3.15 MPC 34-1 Washita-Fredericksburg Basal Shale Formation Core 
Washita-Fredericksburg Basal Shale Formation core with color-coded lithofacies analysis 






Figure 3.16 MPC 34-1 Paluxy Formation Core 
Paluxy Formation core Paluxy Formation core with color coded lithofacies analysis based 





Figure 3.17 MPC 10-4 Tuscaloosa Marine Shale Formation Core 
Tuscaloosa Marine Shale Formation core with color coded lithofacies analysis based on 




Figure 3.18 MPC 10-4 Paluxy Formation Core 
Paluxy Formation core with color coded lithofacies analysis based on lithology, porosity, 







 This thesis intended to interpret how sea level curves influenced the Cretaceous 
deposits of the Black Warrior Basin. To achieve this, cross sections were constructed 
across the study area to more fully understand the cyclical nature of the deposits, to 
identify regional reservoir extent, and to correlate confining units for regional seals for 
geologic storage purposes. Formations were correlated to sequence boundaries and 
further stratified into parasequences to interpret the history of sea level rise and fall. To 
test this hypothesis, both lithostratigraphic and chronostratigraphic cross sections were 
constructed from available well logs in the study area. Comparisons between the 
reservoir and seal formations were documented to show the regional extent of facies for 
confident characterization of reservoirs and seals. Reservoirs were further divided into 
parasequences and flooding surfaces then interpreted into systems tracts and bounding 
surfaces. The objectives of this project were as follows: 1) map chronostratigraphic 
surfaces, 2) define sequence bounded depositional cycles, and 3) interpret the basal sea 
level change as recorded in the sedimentary column. 
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4.2 Cross Section Evaluations 
4.2.1 Lithostratigraphic 
4.2.1.1 Reservoirs 
 Utilizing two cross sections (Figure 3.1 & Figure 3.2) intersecting in our study 
area, a regional model of the structure and the stratigraphy was created. In the first two 
cross sections, lithostratigraphy was applied to correlate continuous formations across the 
basin. The eight formations commonly identified in the region showed to be successive 
throughout the entire study area without truncation or termination. Using this method two 
structural cross sections and one sequence stratigraphic cross section were created  and 
each showed continuous reservoir facies in the Paluxy Formation, the Washita-
Fredericksburg Group Sands, and the Massive Tuscaloosa Sand.  
4.2.1.2 Confining Units 
 Bounding the reservoirs, a confining unit was mapped for the confident integrity 
of a sequestration/storage reservoir. Above the Paluxy Formation, Basal Washita-
Fredericksburg mudstones are present. Above the Washita-Fredericksburg Sands the 
Upper Washita-Fredericksburg Shale is composed of mudstone seals. Above the Massive 
Tuscaloosa Sands, the Tuscaloosa Marine Shale is both regionally extensive above all 
reservoirs as a dark green/grey mudstone with no faulting or fractures present. 
Continuing to the Late Cretaceous deposits the Selma Chalk and Midway Groups form 
seals above those already present, leading to a confident characterization of potential 
regional seal quality. 
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4.2.2  Sequence Stratigraphic 
 Sequence stratigraphic interpretation of the cross section was done post 
lithostratigraphic to model the extent of each reservoir and seal, and to determine a better 
understanding of how base sea level change and depositional environment migration may 
have produced an alternative interpretation of reservoir and seal geometry. From the 
literature, four sequence boundaries were previously considered between the 
Pennsylvanian unconformity and the Tuscaloosa Group, which spanned the entirety of 
the Cretaceous deposits in our study area.  Using Core from MPC 34-1 a paleosol was 
identified in the Paluxy Formation at 5326 feet (Figure 3.16), indicating an 
undocumented sequence boundary within previously documented sequences from the 
literature. 
 Using a sequence stratigraphic methodology, the resulting cross section (Figure 
3.13) showed continuous reservoir and seal formations onlapping onto the Pennsylvanian 
unconformity. The sequence stratigraphic cross contains the well from cross section A-A’ 
without the two most western wells due to their shallow total depth. The colored 
divisions are green for regressive systems tracts and red for transgressive systems tracts. 
Dividing surfaces are maximum flooding surfaces and maximum regressive surfaces. 
4.3 Subsurface Maps 
4.3.1 Isopach Maps 
4.3.1.1 Reservoirs 
 A total of eight isopach maps were created, one for each Cretaceous formation. 
The basal reservoir, Paluxy Formation, showed increasing thickness from west to east 
ranging from 700 feet to the west to eventually truncate to the east onto the 
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Pennsylvanian unconformity. This is the initial target reservoir and is found to be 
regionally extensive, overlying the basement Pennsylvanian unconformity. The Paluxy 
reservoir shows the largest areal extent of the three target reservoirs and the resulting 
isopach maps confirm underneath the injection site the reservoir is 700 feet of sandstone, 
rapidly thickening basinward (Figure 3.4). 
 The middle reservoir, the Big Fred Sand Formation (Washita-Fredericksburg 
Group), showed a northward thinning pattern ranging from 650 feet in the south to 250 
feet thickness in the north. The Big Fred Sand reservoir is the second proposed saline 
aquifer formation for injection and shows a thickening to the west (Figure 3.6). 
The upper reservoir, the Lower Tuscaloosa Massive Sand ranged in thickness 
from 100 feet to 300 feet thickness with no discernable trend, but with localized thickness 
highs and lows for possible injection locations (Figure 3.9). 
4.3.1.2 Seals 
 Seal formation isopach maps included the Lower Washita-Fredericksburg Basal 
Shale, the Upper Washita-Fredericksburg shale, and the Tuscaloosa Marine Shale 
formations. The Lower Washita-Fredericksburg Basal Shale isopach map showed 
thickness ranging from 350 feet to 100 feet thinning from the southwest to the north east, 
with two localized thickness highs (Figure 3.5). The upper Washita Fredericksburg shale 
isopach showed thicknesses from 50 to 400 feet with no discernible pattern but included 
local areas of increased thickness and a small localized radial thickness pattern to the 
northwest (Figure 3.7). The upper seal, the Tuscaloosa Marine Shale, showed thicknesses 




4.3.2  Contour Maps 
 Contour maps were useful for the structural analyses of subsurface reservoir and 
seal formations. Localized highs would be important for locating potential injection sites, 
and showing regional dip for individual beds providing insight on fluid migration 
pathways. 
4.3.2.1 Reservoirs 
 The target basal reservoir the Paluxy Sands contour map displayed a linear 
southwest dipping trend that would suggest injected carbon dioxide would migrate up dip 
northeast (figure 3.4). For the secondary reservoir, the Big Fred Sand, the contour map 
displayed a linear southwest dipping trend that would suggest injected carbon dioxide 
would migrate up dip northeast (Figure 3.6). For the upper reservoir, the Lower 
Tuscaloosa Massive Sand, the contour map displayed a linear west dipping trend that 
would suggest injected carbon dioxide would migrate up dip to the east (Figure 3.9).  
4.3.2.2 Seals 
Seal formation contours included the Lower Washita-Fredericksburg Basal Shale, 
the Upper Washita-Fredericksburg shale, and the Tuscaloosa Marine Shale formations. 
The Basal Shale seal contour map displayed a linear dipping to the southwest (Figure 
3.5). The Upper Shale and TMS also display this trend (Figures 3.7 and 3.10).  This trend 
indicates that the dipping beds are structurally all following the same depositional source, 
resulting in a regional dip for all the formations that is unaffected by the underlying 
structure of the Paleozoic basin. Resulting injections of CO2 would move vertically and 
laterally updip toward the Pennsylvanian unconformity in an easterly direction beneath 
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the seal formations. Resulting concerns could be the permeability of the basal 
Pennsylvanian unconformity which may lead to migration out of reservoir formations at 
these truncation locations. More research needs to be done on the properties of the 
Pennsylvanian unconformity contact, its petrophysical properties, and regional stress 
fields. 
4.4 Regional sequence stratigraphic depositional history 
 Figure 3.13 of the interpreted sequence stratigraphic fill displays in green the 
regressive depositional episodes and in red the transgressive depositional episodes. This 
interpretation included five complete transgressive-regressive sequences as opposed to 
the four previously mentioned in literature in the time analogous Mississippi Interior Salt 
Basin. No other studies were found that had done a sequence stratigraphic study of 
Cretaceous age deposits in the Black Warrior Basin. Using photographed core from well 
MPC 34-1, the identification of a paleosol at 5,131 feet was used to include a secondary 
division of a sequence boundary in the Paluxy Formation where a subaerial exposure 
occurred.  
 Transgressive-regressive interpretation of the depositional history supports the 
hypothesis that sea level change influenced the deposition of clastic sediments from the 
Nashville dome to the north onto Appalachian Pennsylvanian structures still evident in 
the basal unconformity. Between formations we see changes from marginal marine and 
shoreline deposits to fluvially influenced clastic beds in the Paluxy Formation. 
Composing the seal formations, we see clastic mudstones and siltstones indicating a shelf 
depositional environment. Maximum flooding surfaces were correlated to delineate the 
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beginning of transgressive deposits. Defined by the larges shallowing upward sequence, 
regressive deposits were identified by the maximum regressive surface.  
 The sequence stratigraphic model concluded that the target reservoirs and seal 
were regionally extensive and there was no unpredicted truncation or interfingering of 
targeted reservoir or seal formations. The division of the Paluxy Formation into two 
distinct sequences resulted in a stratigraphic trap up dip, which may affect volumetric 
interpretation of the entire Paluxy Formation as a single reservoir; however, it should not 
cause integrity issues as the basal regressive body appears to be a fully confined 
reservoir. 
4.5 Depositional Environment Interpretations 
 Using core and cuttings, variables like lithology, cementation, grain size, and 
sedimentary structures could be identified to assess the integrity of possible reservoir and 
seal formations by interpreting the original environment of deposition. From wells MPC 
34-1 and MPC 10-4 Paluxy Formation reservoir quartz sandstones were interpreted to be 
fluvial/braided stream deposits of largely medium to coarse sandstones with high porosity 
as evidenced by the extreme invasion of drilling fluid into the sandstones (Figures 3.16 
and 3.18). From well MPC 34-1 the Washita-Fredericksburg core displayed a largely 
sandstone and siltstone lithology with mottling, horizontal and low angle cross-bedded 
structure indicated a low energy distributary or coastal marsh environment. The Upper 
Cretaceous Tuscaloosa Marine Shale, the largest seal formation, core from well MPC 10-
4 consisted of thinly bedded non-permeable mudstone/siltstone that was dark grey to 
black and showed instances of bioturbation and marine fossils including pelcypods and 
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bivalves. These indications denote a low-energy, shallow-marine environment from tidal 
flat deposits to marginal marine. 
4.6 Transgressive-Regressive Deposits 
Transgressive deposits are interpreted in well log signatures by analyzing 
spontaneous potential and resistivity trends. A tendency for grain size to decrease, as 
shown in SP value lowering, local sea level rises leads to the identification of local 
transgressive events. Resistivity trends show an increase in resistivity values as 
minimized pore space allows less transmission of electrical current by the diminishment 
of pore fluid, namely formation water. The well log signatures of both spontaneous 
potential and resistivity can be identified to correlate to more shale-rich or silt-rich 
deposits above more coarse shoreline facies consisting of sandstones and siltstones. 
These fine-grained facies are instrumental in producing seal formations with low porosity 
to prevent the upward migration of injected CO2. 
Regressive deposits are identified in well log signatures by the opposite. An 
increase in grain size is shown by an increase, or a right kick, in spontaneous potential 
logs. As grain size increased, pore space and pore fluid (brine) are increased resulting in 
higher conductivity and shown in resistivity logs as a kick to the left. These coarse clastic 
facies are the target reservoirs for the injection of CO2 due to their high porosity and large 
volumetric capabilities as they are generally very thick deposits of homogenous quartz 
sandstones in the study area. 
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4.7 Parasequence Evaluation 
The study of parasequences in fine detail within the study area aided with the 
identification of depositional environments and the rate of sea level change within the 
study area. As shown by Figure 3.14, the coarsening upward trend shows one cyclical 
change in sea level that resulted in a change of depositional environment. By 
interpreting these cyclical changes, reservoir and seal deposition can be tracked and 
utilized for small-scale reservoir and seal changes in the petrophysical characteristics. 
The truncation of localized parasequences denotes a fluvial environment of deposition 
which may result in non-homogeneous or truncated reservoir deposits while the 
regionally correlated maximum flooding surfaces indicate localized seal formations or 
areas of reduced porosity. 
4.8 Summary 
In conclusion, both the sequence stratigraphic cross section model and the 
traditional stratigraphic cross section model show that the Paluxy, Big Fred Sand, and 
Lower Tuscaloosa Formation sand deposits are regionally correlative and viable locations 
for geologic storage. The Washita-Fredericksburg Basal Shale, the Upper Washita-
Fredericksburg Shale, and the Tuscaloosa Marine Shale Formations are evident in both 
models are regionally correlative seal formations viable for containing migrating carbon 
dioxide; however, more research will need to be done to understand the migration past 
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CORE DESCRIPTION TABLES 
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Content page for appendix 
A.1 Core Description Guide 
Table A.1 MPC 34-1 Washita-Fredericksburg Basal Shale Core Description Guide 
MPC 34-1 Washita-Fredericksburg Basal Shale Formation core description guide based 
on grain size, sorting, lithology, and sedimentary structures to determine different facies 
or depositional environments of core sections. 
  




Well Quartz SS Cross Bedded 
2 
Fine to Medium Well Quartz SS 
Cross Bedded, Horizontal 
Laminae 
3 
Silty, VF to 
Medium 
Well Quartz SS Horizontal bedding 
4 
Clay, Silt Well 
Clay and 
Quartz SS 





    
 
59 
Table A.2 MPC 34-1 Paluxy Formation Core Description Guide 




Coarse to Gravel Well 
























6 Paleosol Poor to Moderate   
MPC 34-1 Paluxy Formation core description guide based on grain size, sorting, 
lithology, and sedimentary structures to determine different facies or depositional 
environments of core sections. 
Table A.3 MPC 10-4 Tuscaloosa Marine Shale Formation Core Description Guide 
Number                        
Grain 
Size Sorting Lithology Sedimentary Structures 
1 Clay Well Shale 
Laminated, Pinstripe 
bedding, fossils, burrows 
2 Silt Well 
Shaly Mudstone, 
glauconite 




Silt Well Mudstone to Siltstone 




VF Well Shaly to Siltstone 
Laminated, Pinstripe 
bedding, fossils, burrows 
MPC 10-4 Tuscaloosa Marine Shale Formation core description guide based on grain 
size, sorting, lithology, and sedimentary structures to determine different facies or 




Table A.4 MPC 10-4 Paluxy Formation Core Description Guide 
Number                        Grain Size Sorting Lithology 
Sedimentary 
Structures 
1 Coarse to Gravel Well 






Well Quartz SS Cross Bedded 
3 
Silty, VF to 
Medium 
Well Quartz SS 
Cross Bedded, 
Horizontal Laminae 
4 Clay, Silt Well Clay and Quartz SS 
Cross Bedded, Clay 
lenses 







    
MPC 10-4 Paluxy Formation core description guide based on grain size, sorting, 
lithology, and sedimentary structures to determine different facies or depositional 
environments of core sections. 
 
 
 
 
